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Introduction
Congenital diaphragmatic hernia (CDH) remains a challen-
ging surgical condition in neonatal period, which is fre-
quently life threatening. Prevalence of CDH in Europe is 2.3
per 10,000 births while proportion of cases surviving to
1 week is around 70%. A small increase in the prevalence over
time has been noted.1 Prognosis is believed to be determined
by the degree of pulmonary hypoplasia and hypertension
and abnormal morphology of pulmonary vasculature.2–4
Given the great advances in neonatal intensive care and
surgical techniques, one should expect an outcome improve-
ment in the management of CDH. However, the exponential
progress along the years was not proportionally reﬂected on
the clinical evolution of the children diagnosed with CDH.
Nowadays, the pathophysiology of lung insufﬁciency and
persistent pulmonary hypertension are better understood,
and survival rate has improved, but results remain disap-
pointing: reported mortality rate is still high, and morbidity
remains signiﬁcant with chronic oxygen dependence,
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Abstract Although improvements have been made, the management of congenital diaphrag-
matic hernia (CDH) remains a major challenge for perinatologists and neonatal
surgeons. Many aspects of the disease remain unknown and, being a rare entity,
evidence-based data are hard to ﬁnd. Surgical morbidity is considerable and affects
long-term quality of life. Perioperative complications have been reviewed focusing on
thoracoscopic repair. Intraoperative acidosis was more severe during thoracoscopy
when compared with open surgery (OS), though it is possible that later neurodevelop-
ment was not affected. Even so, strategies have been outlined to reduce acidosis, such
as decreasing carbon dioxide (CO2) insufﬂation after reduction of the herniated viscera
into the abdomen is complete. The risk of pleural complications decreased after
introduction of gentle ventilation techniques and minimally invasive surgery (MIS);
thus, the use of a prophylactic intraoperative thoracic tube is not routinely required.
Recurrence rate was higher in large CDH and following MIS repair. Technical demands
play an important role, therefore, in avoiding complications; every step of the OS
technique must be strictly accomplished. In large defects, the use of prosthetic patch
might reduce recurrence rate, even by MIS repair, once again only if technical demands
are overcome with meticulous rules of suturing. Thoracoscopy signiﬁcantly reduced
the incidence of bowel obstruction and recovery time and improved cosmesis. The best
approach of CDH is yet to be found, and it goes far beyond the management of
perioperative complications. Meanwhile randomized controlled studies, namely on the
outcome of thoracoscopic repair, are required to inform further practice.
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gastroesophageal reﬂux, poor growth and developmental
delay, and prolonged postoperative hospitalization. The rar-
ity of the diseasemakes it difﬁcult to develop evidence-based
protocols.4,5
Surgical Repair—Historical Aspects
Bochdalek was the ﬁrst to predict that children with CDH
would beneﬁt from surgical correction. In 1902, Heidenham
performed the ﬁrst successful operation in an infant, as later
demonstrated by a favorable 18-year-follow-up.6 It was only
in 1940 that surgery became an accepted treatment for CDH
when Ladd and Gross reported 9 out of 16 survivals after
operation. After this, in 1946, Gross reported the ﬁrst suc-
cessful repair in a neonate <24 hours old, and early repair
became the basis of treatment. Many changes have occurred
since then. CDH which was previously a surgical emergency,
now requires preoperative stabilization for outcomes
improvement.7 While open surgery (OS; thoracotomy or,
mostly, laparotomy) has been traditionally performed for
patients with CDH, minimally invasive surgery (MIS; laparo-
scopy or thoracoscopy) emerged as a safe and feasible
alternative. In 1995, Silen et al performed the ﬁrst thoraco-
scopic approach of a CDH in an adolescent.8 Also, van der Zee
and Bax reported a laparoscopy in a 6-month-old patient.9
Becmeur et al published a few years later a series of three
patients with late presentation successfully treated by thor-
acoscopy.10 Each technique has advantages and disadvan-
tages. MIS gradually gained popularity in the beliefs of a
reduced duration of postoperative ventilation, less pain and
use of short-term narcotics, faster recovery, shorter hospi-
talization, and less morbidity, such as chest wall deformities
and small bowel obstruction.11–26 Even a sporadic debate
still occurs about the best MIS approach for CDH (abdomen
vs. thorax); thoracoscopy is preferred for most sur-
geons.15,22,27–30 It allows wider working space after reduc-
tion of herniated viscera, easier reduction mediated by
pneumothorax, intermittent carbon dioxide (CO2) insufﬂa-
tion, and better thoracic visualization. On the other hand, it
hampers proper inspection for malrotation or other asso-
ciatedmalformations. By laparoscopy, a thirdworking trocar
is often needed to open the diaphragmatic defect while safely
pulling the viscera to the abdomen and, after reduction of
abdominal contents, the working space is reduced requiring
sustained insufﬂation.30
Perioperative Complications and Evidence-
based Treatment
As previously mentioned, there are several approaches to
repair CDH: by open technique through thoracotomy or
laparotomy and by minimally invasive technique through
thoracoscopy or laparoscopy. None of themwas proven to be
absolutely superior to another when it comes to periopera-
tive complications. Instead, we can avoid certain complica-
tions by choosing one technique while increasing the risk for
others. At our department, whenever is possible, thoraco-
scopy is performed to repair CDH. We hereby reviewed the
most common perioperative complications, highlighting the
outcomes obtained in MIS. Also, although there is a lack of
knowledge on what is the optimal care for CDH, we tried to
provide an overview through the evidence-based treatment
of these complications.
Intra-operative Complications
Surgical morbidity tends to relate to the defect size, need for
patch repair, and liver herniation.31,32
Technical Difﬁculties
In MIS, technical difﬁculties lead to conversion in approxi-
mately 3.4 to 75% of the cases, which were usually extensive
diaphragmatic defects or difﬁculties reducing the liver and
deterioration of clinical status, such as prolonged respiratory
acidosis or hemodynamic instability.33 Whether starting
with thoracoscopy and converting is disadvantageous
(regarding hypercapnia, acidosis, and reduced cerebral oxy-
genation) is still unclear, but risks seem negligible when
surgeons convert immediately after identifying a large
defect.34,35
Bleeding and Damage of the Tissue
To avoid intraoperative complications, the authors recom-
mend that every step of the OS should be performed in
thoracoscopy with extreme caution not to damage the
tissue: ﬁrst the reduction of small bowel, followed by the
colon, and ﬁnally the spleen (for left-sided CDH, which
representsmost of the authors’ experience). Therefore, while
holding the viscera, blunt forceps should be used, which
should not be closed completely to avoid harming the tissue.
To prevent bleeding, the pushing down traction of the
stomach proved to be very helpful to aid positioning the
spleen in the abdominal cavity.30
Increased Abdominal Pressure
In severe cases, namely in right-sided CDH, the reduction of
herniated viscera followed by the closure of the hernia defect
and abdominal wall (if it is a laparotomy repair) might con-
siderably increase abdominal pressure, leading to diaphrag-
matic compliance compromise, respiratory dysfunction, or
even abdominal compartment syndrome. Although abdom-
inal compartment syndromewas rare after CDH repair (<1%),
by laparotomy repair, delayed abdominal fascial closure was
often required (>10%), which was associated with increased
morbidity (increased length of stay, fasting days, and duration
ofmechanical ventilation).36 In thoracoscopic repair, there are
no reports of abdominal compartment syndrome, presumably
because while reducing the herniated viscera there is no
available space for viscera accommodation as it happens in
OS (extracorporeally); in the presence of a large defect or
tension after reducing the viscera, it is the standard care
nowadays to use a prosthetic patch, thus preventing a com-
partment syndrome.37Prostheticpatcheshavebeenused in37
to 51%of CDHcases.27,38Thoughpreviously suggested that the
use of patch repair should be a relative contraindication for
thoracoscopic repair,18,19,22,39 it proved to be feasible40 bring-
ing a whole new debate in the approach of CDH. Hiradfar et al
in 2016 reported a case of thoracoscopic repair in a 4-month-
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oldboywhohadnotenoughabdominal space to accommodate
herniated viscera. They performed a wide transverse abdom-
inal fasciotomy via laparoscopy inducing an iatrogenic ventral
hernia; distended the abdomen by inducing pneumoperito-
neum; and two days later, completed the thoracoscopic CDH
repair usingaprostheticpatch.41Asso, a transverse abdominal
fasciotomy might be an alternative in MIS repair of CDH in an
undeveloped abdomen.
Acidosis
Intraoperative hypercapnia and acidosis occur regardless of
the approachused for CDH repair although it seems to bemore
severe during thoracoscopy. It is mostly explained for the
respiratory compromise during surgery, lung collapse to allow
adequate working space and also CO2 absorption from the
inducedpneumothorax.42 Some studies did not favor thoraco-
scopic approach, but most of them did not provide enough
evidence supporting the idea. The only randomized controlled
trial comparing MIS versus OS conducted so far showed that
thoracoscopic repair is associated with severe intraoperative
hypercapnia and acidosis, but its conclusions were based on
the results of 10 operated patients (5 undergone OS; 5 under-
gone thoracoscopic repair).43 In fact, conversions for ventila-
tion concerns were minimal in thoracoscopy; also, no
postoperative outcome, including duration of postoperative
mechanical ventilation,was related to thoracoscopic approach
and intraoperative acidosis.42,43
Eventhoughkeepinganadequatearterial oxygenationmight
be vital to prevent neurological damage,42 it is still unknown
whether hypercapnia and acidosis leading to prolonged post-
operative low brain oxygenation20 have consequences on the
long-term neurological development.43,44 A recent animal
study fromourgroupshowedthatneonatalCO2-pneumothorax
has no signiﬁcant outcome over neurodevelopment.45
Meanwhile several strategies can be found to minimize
hypercapnia and acidosis during surgery. (1) Operating time
is an important parameter to consider, minimizing lung
collapse duration and CO2 exposure. (2) In thoracoscopy,
the procedure might be completed with minimal CO2 insuf-
ﬂation: in the beginning of the surgery, insufﬂation is used to
help reducing the herniated abdominal contents and is then
decreased/interrupted.30,34 At our department, 4 to 6 mm
Hg insufﬂation pressure has been applied until reduction of
the herniated viscera and then diminished. The hypoplastic
lungs provide wide working space, which makes CDH the
ideal condition to perform thoracoscopy.30 (3) High fre-
quency oscillatory ventilation (HFOV) is getting popular as
it allowed excellent oxygenation and elimination of CO2
although it is still not established if it prevents acidosis
balance after pneumothorax.46
Right-sided CDH
Right-sided CDHand intrathoracic liver present an additional
challenge for the surgeon. The neonatal liver is extremely
friable, andwhile positioning the liver in the abdomen. there
is the risk of kinking of the hepatic veins and the inferior vena
cava. Extreme cautionmust be takenwhile manipulating the
liver into the abdomen while monitoring hemodynamic
parameters. The division of the falciform ligament and rota-
tion of the liver around the hepatic vein axis might be useful
to avoid damaging the liver and the vessels.47
Patients Requiring Extracorporeal Membrane
Oxygenation
In patients requiring extracorporeal membrane oxygenation
(ECMO), the optimal timing to CDH repair is controversial
due to the increased risk of complications including surgical
bleeding (surgical site and intracranial bleeding) and mor-
tality. Some authors report improved outcomes when sur-
gery is performed off ECMO (signiﬁcantly increased survival,
lower rates of surgical bleeding, and decreased total duration
of ECMO therapy compared with patients repaired on
ECMO).48 As so, patients who can be weaned from ECMO
should undergo delayed repair off ECMO. In patients who
would otherwise be unable to wean from ECMO, early
surgery during ECMO should be performed, despite the
associated risks. Surgery may improve respiratory function
by restoring normal anatomy and even help coming off
ECMO.49,50 Some authors reported the implementation of
a speciﬁc anticoagulant protocol to reduce bleeding compli-
cations for patients operated during ECMO, using tranexamic
acid, with good outcomes.51 Also, some details during sur-
gery should be taken into account, namely the cautious use of
electrocautery, limited blunt and sharp dissection, and use of
prosthetic patch repair.
Postoperative Complications
Mortality
Although survival rate has improved in the last decades, the
management of CDH remains a major challenge for both
perinatology and neonatal surgery.52,53 The introduction of
innovative techniques, including HFOV, inhaled nitric oxide,
ECMO, gentle ventilation, and also the tremendous develop-
ment in prenatal diagnosis contributed to improve the out-
come of CDH. Nowadays, several highly qualiﬁed centers
report remarkable improvement in survival rates reaching
80%.54,55
The timing of surgery is not usually controversial: the
neonate should be operated after clinical stabilization. How-
ever, when it comes to survival, some studies, including a
Cochrane review of the literature, failed to demonstrate
superiority of the delayed approach when compared with
immediate surgery.56 The truth is there are no studies in the
literature showing a negative effect for delayed surgery
awaiting stabilization.47 While the question of the surgical
timing remains unanswered, it is common sense that in the
presence of an unstable neonatewith CDH surgery should be
postponed until cardiovascular stabilization is obtained.
Regarding the surgical approach, overall analysis showed
nodifferences inmortality ratebetweenOS andMIS, asproven
by Landsdale et al in ameta-analysis in2010.57Several studies,
after that, includingmeta-analysis, demonstrated highermor-
tality rate in the OS group39,40,58,59 though there are strong
reasons to believe it was on account of selection bias: patients
wereselected for eachof the techniques, and it is likely that the
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MIS group included less severe cases. The lower mortality in
MIS group is most probably confounded by the fact that the
casesweremilder,which is supportedbya retrospective study
that compared thoracoscopy (n ¼ 75) and OS (n ¼ 43) among
a group of cardiovascular stable neonates and showed a
survival rate of 100% in both groups.44
The role of hospital volume in mortality remains unclear.
In a large study with 2,203 infants, hospitals with a high
volume CDH repairs had lower rates of in-hospital mortal-
ity.60 On the other hand, a study with 3,738 infants showed
no differences inmortality between hospitalswith lower and
higher surgical volume.61
Pneumothorax and Pleural Effusion
Pleural complications are frequent after CDH repair. Post-
operative pneumothorax occurs in nearly all patients. But
clinically signiﬁcant pneumothorax occurs in up to 30%;
pleural effusion requiring postoperative drainage occurs in
up to 29% of patients with higher risk if a prosthetic patch
was required; and chylothorax was reported in 6% of the
cases, mainly associated with ECMO and use of prosthetic
patch. Pneumothorax, pleural effusion, chylothorax, and
need for aspiration were associated with higher rates of
postoperative mortality.62,63 Historically, CDH was repaired
by OS, and a chest tube was left in place, when perioperative
management included aggressive hyperventilation, high
peek inspiratory pressures, ventilation rates, and O2 concen-
trations. The introduction of gentle ventilation techniques
and permissive hypercapnia as well as the event of MIS
reduced the use of intraoperative prophylactic chest tubes.
Some studies demonstrate no difference in the outcomes
when not using a chest tube and argue that chest tube is
associated with postoperative pain, pneumonia, atelectasis,
prolonged ventilation duration, hospital stay, and risk of
patch infection.27,64 Other authors claim that prophylactic
chest tube decreases the need for postoperative interven-
tions and morbidity associated with these procedures.63 It is
the authors' conviction that, except for selected cases, no
drain needs to be left intraoperatively. In the presence of a
pneumothorax or pleural effusion causing cardiopulmonary
distress, drainage should be performed promptly before
instability occurs.4,62
Recovery (Time on Ventilator, Time to First Feeding, and
Length of Stay)
Shorter and less aggressive mechanical ventilation limits
ventilator-induced lung injury and thus improves prognosis.
One of the major advantages of thoracoscopic repair over OS
seems to be the decreased morbidity, namely for the quicker
recovery.40 MIS was associated with signiﬁcantly shorter
ventilator time and ICU length of stay. In MIS, there was
less time to tolerate enteral feeding as would be expected by
reduced manipulation of intra-abdominal viscera leading to
less ileus, less scarring and adhesions, and less pain.33,39,44,65
Recurrence
The incidence of CDH recurrence ranges from 3 to 50%,
depending on the speciﬁc patient population and individual
publication.66 Risk factors of recurrence are ECMO, defect
size/prosthetic patch use and CDH repair by MIS.66,67 Most
studies, including all meta-analysis conducted so far,
reported signiﬁcantly higher risk of recurrence after
MIS20,33,39,40,57,58,68 with a rate of 0 to 24% versus a rate of
0 to 11% in OS.33 Costerus et al conducted a retrospective
study, attempting to eliminate the case selection bias: they
compared thoracoscopy (n ¼ 75) and OS (n ¼ 43) in a
selected group of patients, all with left-sided CDH, present-
ing criteria for thoracoscopic surgery according to CDH-
EURO consortium consensus,65 and the results matched
the ones previously reported. It was partly explained by
the learning curve (being a recent and technically demanding
procedure),29,68 which was supported by the downward
tendency in recurrence rate along the time (50% recurrence
rate in the previous years versus 25% in the following).59
However, this difference was not completely explained by
the learning curve. Until now, no other predictive factors
were found.22 The authors speculate that strict following of
all the steps of OS might be vital to improve postoperative
outcomes: (1) after the reduction of abdominal content to
the peritoneal cavity, an important stepwas always to divide
the pleura from the peritoneum along the edge of the
diaphragm to encouragehealing of the diaphragmatic defect;
(2) either with separate or continuous suture, distance
between stitches along the edge of the diaphragmatic defect
should not exceed the same in OS (thoracoscopic suturing
might be demanding, mainly if the working space is limited,
which often leads the surgeon to perform a lower number of
stiches); and (3) ﬁnally, horizontal mattress suturing tech-
nique with non-absorbable thread should be used (the type
of suture might be determinant for recurrence). At our
department, out of 13 children operated by thoracoscopy
with this technique (3 using prosthesis), there was one
recurrence (in 1 of those, we used prosthesis).30
Concerning the use of prosthetic patch, some authors
strongly recommended converting to OS if a patch was
needed39 on the beliefs of higher recurrence rates.15,26,27,39
Once again, technical demandings might play an important
role. The costophrenic angle is a difﬁcult anatomical area to
reachwhile performing intracorporeal suturing in very small
neonates.20 An important trick one should consider while
fastening themesh to the diaphragmatic rims adjacent to the
thoracic wall is to perform the suturing extracorporeally
around the rib, introducing the thread in and out through the
same subcutaneous tract, using interrupted mattress type
sutures.30
Keizer et al in 2010 concluded that recurrence rate was
reduced after they had broaden their criteria to use a
prosthetic patch by thoracoscopic repair. In primary repair,
direct closure might result in undue tension on the suture
line and was likely to reduce the natural dome shape of the
diaphragm, increasing the intrathoracic space and decreas-
ing the already reduced intra-abdominal space that still had
to accommodate the reduced herniated viscera. The use of a
larger prosthetic patch avoided the potential negative effects
of direct closure andwas likely to result in a lower chance of a
recurrence. The same authors concluded that a recurrence
European Journal of Pediatric Surgery
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either of MIS or OS repair could be repaired by thoracoscopy
without compromising the outcomes (7 recurrences were
repaired thoracoscopically with no recurrence after
the second procedure).18
Careful attention to imaging prior to discharge, mainly
after a MIS or a large defect repair, is advisable.59
Bowel Obstruction
Manipulation of intra-abdominal viscera leads to adhesions
formation that might consequently cause bowel obstruction.
Patients undergoing OSweremore than ﬁve timesmore likely
to undergo re-intervention for bowel obstruction secondary to
adhesive disease, during their initial stay.59,69
We should be aware of other causes for postoperative
bowel obstruction in CDH patients. In a retrospective study,
Rescorla et al reported that 2.9% of patients with CDH not
treated for malrotation presented with midgut volvulus.70
Long-Term Morbidity
The increasing survival rate changed the paradigm in the
management of children with CDH, directing the focus to
improve morbidity. A signiﬁcant number of CDH patients
may live with complications (respiratory, nutritional, mus-
culoskeletal, neurological, and gastrointestinal morbidities),
resulting in poor quality of life.4,32,71 Long-termmorbidity is
mostly associated with perioperative complications, defect
size, need for patch repair, liver-up, and the existence of
major morbidities at discharge.32
Chronic respiratory disease is common in CDH patients, in
some cases requiring oxygen at home for long periods of
time. Diaphragmatic rigidity and thoracic deformities might
play a minor role in chronic lung disease.4
Gastroesophageal reﬂux is frequent in these patients.
Surgical repair changes the anatomy and might lead to a
malformed or absent diaphragmatic sling. Also, malrotation
may delay gastric emptying, and the abnormal thorax–abdo-
men balance of pressures through respiratory cycles facil-
itates retrograde passage of gastric contents to the
esophagus. Anti-reﬂux surgery is required by several
patients.4 The only randomized prospective study on the
value of routine fundoplication did not recommend preven-
tive antireﬂux surgery as a standard procedure.72
Due to long periods of marginal brain oxygenation in
neonatal period (especially those in ECMO) neurodevelop-
mental deﬁcits can occur in CDH survivors. Neurosensorial
deafness can also occur, which is generally associated with
prolonged antibiotic treatments.4
Finally, concerning cosmesis, the effects of OS in neonatal
period, namely in a condition where the need for wide
visualization often requires a large incision, are documen-
ted well: unaesthetic scars and musculoskeletal deformities
(if a thoracotomy was performed).73 Again, thoracoscopic
repair has the well-known advantages of elimination of
musculoskeletal deformities and leaving a discreet scar,
which courses with signiﬁcantly decreased long-term
morbidity.
The management of these conditions starts by preventing
perioperative complications. Providing a close follow-up and
permanent support is mandatory especially in those who
present risk factors for long-term morbidity.
Conclusion
The best approach of CDH is yet to be found, and it goes far
beyond the management of perioperative complications.
Meanwhile, surgical morbidity in CDH patients is consider-
able. MIS, namely thoracoscopy, reduced the incidence of
some perioperative complications, but randomized con-
trolled studies are required to inform further practice.
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